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I . INTRODUCTION 
1. With few exceptions the resu l ts of the 196,0 round of censuses of 
population in the ECAFE region were tabulated with conventional punched-
card machines. Judging by the rate ;at' which the s t a t i s t i c a l work in the 
region has become computer-oriented in : recent years, i t is evident thiat a l l 
but a small number of countries are planning to use computers for processing 
the 1970 round of censuses. For those few s t a t i s t i c a l o f f i c es which w i l l 
not have access to a computer in the i r own countr ies , i t may be possible to 
consider the use of computer f a c i l i t i e s of a nearby country or of the proposed 
ECAFE regional computer centre. For organization and planning of the forth -
coming censuses i t i s , therefore, assumed in th is papef that e l ec t ron i c data 
processing techniques w i l l be used almost exc lus ive ly throughout the region. 
2. Considerable documentation giv ing guidance in the Use of punched* 
card methods in processing census data was prepared for the I960 population 
•:;:. '. 
censuses. In particularj"-toahy''of' the pr inc ip les enunciated in the informa-
t i ve publ icat ion "Handbook on Data Processing,Methods" pub 1ished j o i n t l y 
by the United Nations and the United Nations Food and Agr icu l ture Organiza-
t ion in 1959 are d i r e c t l y appl icable to e lec t ron ic data processing. Some 
mater ia ls designed to a id in computer processing of censuses have a lso been 
prepared by the countr ies. 
3« Among the ser ies of acti,vit;ie.s planned for the 1970 round of popula-
t ion and housing censuses i t has been proposed to hold seminars deal ing 
s p e c i f i c a l l y with the* technical considerations in the app l i ca t ion of computers 
to census data processing. For the ECAFE region, th i s is being considered 
for the f i r s t ha l f of 1,9,69.«. ..The documentation from th is and s imitar meetings, 
and the serv ices of advisers from internat ional and other organizations with 
previous experience in computer processing of population census data w i l l 
be avai lable--for ass istance-to-ECAFE" countries' in' preparing for the 1970 
round. The discussion in the present paper w i l l be confined, therefore, 
to general p r inc ip les and aspects of planning for computerized processing 
of the population and housing censuses. 
A . For 
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For many countr ies of the region the 1970 censuses w i l l represent 
an i n i t i a l exposure to the use of computer techniques. I t may, therefore , 
be in order to g ive a b r i e f desc r ip t ion of the main c h a r a c t e r i s t i c s of 
computer processing, p a r t i c u l a r l y as appl ied to census work. 
i l . ADVANTAGES OF COMPUTER PROCESSING 
5. The use of punched-cards for recording s t a t i s t i c a l data and sor t ing , 
counting and tabulat ing machines for compiling and summarizing the information 
recorded in the cards was developed o r i g i n a l l y in response to the needs for 
tools to handle the massive task of processing thè census. The advent of 
the e l e c t ron i c computer has provided the potent ia l for far greater speed, 
v e r s a t i l i t y and accuracy than the previous methods of processing census work. 
At the present time, e l e c t r o n i c equipment is used extens ive ly For mass • 
processing of s t a t i s t i c a l programmes in v i r t u a l l y a l l modern gòvernmèntal 
s t a t i s t i c a l agencies throughout the world. 
6. In general ,1 the pr inc ipa l a t t r i bu t e s of e l e c t ron i c data processing 
which o f fe r impressive super io r i t y over conventional punched-»card methods 
include; 
( i ) Tremendously improved speed in computations and t rans fers 
of data. ' • 
( i i ) Memory storage which provides the capac i ty for "remembering" 
and r e t r i e v ing at high access speeds the data stored in the 
memory. 
( i i i ) The capaci ty for automatic execution of sequentia l ins t ruc t ions . 
( i v ) Thé capab i l i t y of making log ica l decis ions automat ica l l y 
during the course of processing, 
(v) Considerably improved accuracy and sel f-checking features . 
The combination of these c h a r a c t e r i s t i c s of e l e c t r on i c computing 
equipment thus renders i t possible to solve complex data-handling problems 
in one continuous process a t e l e c t r on i c speeds, as opposed to the segmented 
handling of data as performed in the conventional punched-card system. The 
capaci ty to process vast quan t i t i e s of data and the f l e x i b i l i t y of the new 
equipment represent a q u a l i t a t i v e d i f fe rence from the e a r l i e r devices that 
make prac t i cab le new techniques in s t a t i s t i c a l operat ions. 
/ I• For 
tv ' 
' IO 
v V /ti •-' 
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7. For example, the computer is commonly used to exce l lent advantage . 
in census work for ed i t ing and correct ion of the data pr ior to or in 
combination wi th tabu la t ion . The computer can be d i rec ted to automat ica l ly 
assign, or impute, values when information on personal or housing charac-
t e r i s t i c s is omitted in the questionnaire or when ce r t a in information 
reported (or encoded) is inconsistent or impossible. Most computers are capaft 
capable of applying to the data a l l the ru les that a group of c lerks would 
use in detect ing and reconc i l ing inconsistencies and in fer r ing missing 
information. A common s i t ua t i on encountered, for example, is when a given 
c h a r a c t e r i s t i c is inconsistent with other c h a r a c t e r i s t i c s reported for that 
person. The general procedure under these circumstances may be to draw a 
value of the c h a r a c t e r i s t i c from a d i s t r i b u t i o n of that c h a r a c t e r i s t i c for 
the appropriate sub-group in the population. Thus, a person who is reported 
as a male r e l a t i v e of the household head, but for whom marita l status is 
not reported, may be assigned by the computer a mar i ta l s tatus from a 
d i s t r i b u t i o n of mar i ta l status for male household head r e l a t i v e s in the 
same age group. 
- •• . ^ > ... '•• • . : : 
8. S im i l a r procedures may be used for the detect ion of missing^or 
impossible data. In many ways, the computer performs these ed i t ing tasks 
s t r i k i n g l y bet te r and f as te r than when they are done by manual inspect ion. 
I t w i l l apply the ed i t i ng rules i nd i v idua l l y to each person in the enumeration. 
I t w i l l do th i s w i th s t r i c t consistency and un i formi ty , and can be d i rected 
to keep a record of how of ten each such ru le was appl ied , thus providing 
a measure of the qua l i t y of the enumerated data. 
3. The use of a computer in census processing a lso provides the potent ia l 
for development of more de ta i l ed or more Informative s t a t i s t i c s . The 
f l e x i b i l i t y of the computer makes possible far greater u t i l i z a t i o n of data 
for der ived s t a t i s t i c s and by-products that become ava i l ab l e for the f i r s t 
time. Key r a t i o s and re la t ionsh ips that formerly could not be obtained 
without cos t l y reprocessing of data or vast amounts of manual computation 
can be programmed as an inc idental 'by-product of computer tabulat ions . 
Data can more e a s i l y be rearranged by more va r i ab les of c l a s s i f i c a t i o n 
/and more 
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and more de ta i l ed c ro s s-c l a s s i f i c a t i ons which, by other methods, would be 
p roh ib i t i ve in time and cos t . I t is a l so t e chn i ca l l y poss ib le to combine 
arid r e l a t e census data wi th data from other sources concerning the same area 
of inqui ry . Thus, i t may be possible to match and combine census data w i th 
those from other sources which, for one reason or another, cannot be co l l ec ted 
in the census. For example, v i t a l r eg i s t r a t i on data might be used for in te r-
censal updating of some of the population cha r a c t e r i s t i c s compiled in the 
current census. 
10. Another advantage of processing census data on computers is that i t 
o f ten permits preparat ion of the f i n a l tables in su i tab le form d i r e c t l y from 
the machine-prepared tables for p r in t ing by o f f s e t pr in t ing processes. "With 
e a r l i e r mechanical tabulat ing equipment, the r esu l t s usua1ly cannot be prepared 
in a form in which they can be sent to a p r i n t e r . I t is genera l l y necessary 
to db a substant ia l amount of hand posting from the machine sheets and then 
to type the posted tab les in f i n a l pub l i ca t ion form. Preparat ion of the f i n a l 
tables by computer for d i r e c t p r in t ing e l iminates the need for manuscript, 
type-sett ing, and proofreading. On th i s bas i s , the f i n a l r e su l t s of the 
census could be released to the publ ic many months e a r l i e r than wi th conven-
t iona l p r in t ing methods. 
11. Where physical space and storage f a c i l i t i e s are a t a premium, as is 
commonly the case throughout the region, computers require considerably less 
f loor space than that required for conventional equipment. In countr ies using 
tape computer systems, the storage of census records on magnetic tape requires 
only a f r a c t i on of the space normally needed for card storage. 
12. There a r e , of course, some .disadvantages and d i f f i c u l t i e s involved 
in the t r ans i t i on to computers. The use of th i s kind of equipment brings 
new problems which require that the processing of census data be organized 
in a more systematic manner than for conventional punched-card equipment. 
One requirement in applying computers is that very de ta i l ed and e x p l i c i t 
Inst ruct ions must be provided to the computer before i t w i l l proceed w i th 
any operat ion. For example, in the machine-edit procedures, the machine must 
be instructed to provide for every re levant combination of en t r i e s i t may 
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encounter. F a i l u r e to consider a 11 contingencies may resu l t e i the r in bringing 
the computer to a ha l t every few minutes or in r e j e c t i ng iarge numbers of records 
because of some f law in the data for-which adequate provis ion was not made in 
the computer programme^. For th is reason, the programming and supervisory s ta f f 
must be highly competent and wel l t ra ined . Personnel w i th these a t t r i bu t e s 
are d i f f i c u l t to f ind and much in demand. To a t t r a c t qua l i f i ed personnel i t 
is of ten necessary to o f f e r inducements in the form of premium sa l a r i e s and 
spec ia l a l lowances. Preparat ion of physical f a c i l i t i e s for the computer are 
more demanding than w i th conventional punched-card equipment, requir ing a i r -
condi t ioning, dust con t ro l , specia l f l oo r i ng , e t c . 
13. . Above a 11, i t must be recognized that the a v a i l a b i l i t y of sophist icated 
data processing equipment w i l l not, in i t s e l f , insure e f f i c i e n t and accurate 
census r e s u l t s . Successful computer app l i ca t i on demands a much higher degree 
of prec is ion and d i s c i p l i n e in planning the census processing operations than 
was required w i th previous techniques. 
I I I . NEED FOR EARLY PLANNING 
lk. The methods and equipment used in processing are d i r e c t l y re la ted to 
the ob jec t i ves and resu l t s of the census, and have a broad impact in v i r t u a l l y 
a l l . operat ions. Each step in the census is c l ose l y linked wi th the previous 
operat ion and, in turn, inf luences subsequent operat ions. Thus, i t is of 
paramount importance that the data processing funct ion be represented in the 
planning and organizat ion of the census from the very beginning as an integra l 
member of the ove r-a l l census planning group. 
15. The data processing representat ive in the planning group should, for 
example, a c t i v e l y pa r t i c i pa t e in the design of the quest ionnaire to insure 
that the f i n a l design meets the requirement for e f f i c i e n t processing. He 
should a s s i s t in the development of .control procedures, ed i t ing and coding 
spec i f i c a t i ons , the tabu la t ion requirements, schedules, and other fac tors so 
that they may be considered w i th real ism by the census planning a u t h o r i t i e s . 
/ I S . 
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The introduct ion of the computer to census processing, by i t s nature, 
increases the time necessary for preparat ion for s t a t i s t i c a l processing. A 
great premium is therefore placed on ca re fu l advance planning. In the past* 
those responsible for processing the data , have, in many cases, been forced 
to do the i r deta i led planning by improvisation and on the spur of the moment. 
This type of planning when using e l e c t ron i c computers in not only more d i f f i c u l t 
but perilous, from the point of view of the end r e su l t s . Computer programming 
is extremely i n t r i c a t e and requires planning of a high order and painstaking 
a t ten t ion to d e t a i l . The cos t , e f f o r t and time involved in changing computer 
procedures makes i t undesirable to change those once es tab l i shed . Thus, i f 
the desired time schedules are to be achieved, i t r equ i r es ' t ha t complete and 
f i n a l tabulat ion plans and spec i f i c a t i ons must be a v a i l a b l e to techn ica l pro-
grammers a t a much e a r l i e r date than was required by previous processing systems. 
The p o s s i b i l i t i e s for f l e x i b i l i t y and improvisat ion of tabu la t ion plans under 
condit ions of t igh t schedules are extremely l imi ted. Th is , of course, suggests 
that over-a l l planning of the census should be accomplished we l l in advance. 
Many countr ies , even those w i th long h i s t o r i e s of census tak ing, devote f i v e 
or more years to a c t i v e census planning. The United S t a t es , w i th 180 years of 
census experience, has been a c t i v e l y planning the 1970 census s ince before 1954. 
\ . . . . . • 
IV. INFLUENCE OF EQUIPMENT ON PLANNING 
17. The capac i t y , speed, and conf igurat ion o f ; t he computer to be used for 
processing the.census is na tu ra l l y the fac tor having the greatest bearing on 
the processing plan. Equipment may range from low speed card-operated computers 
wi th very l imited core storage to i n s t a l l a t i o n s wi th large storage capac i t i e s 
and a wide range of per ipheral equipment. These considerat ions w i l l inf luence 
and, in.many cases s d i c t a t e . t h e e n t i r e approach to the census plan, inc luding 
design of the enumeration form, f i e l d work, coding, input preparat ion, ed i t i ng 
and tabulat ion. The Impact of equipment considerat ions on the whole plan for 
the census may best be i l l u s t r a t e d by the far-reaching e f f e c t s which the use 
of opt i ca l scanning techniques in the enumeration would have on a 11 census 
operations0 
/IS. 
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18. For planning purposes, t he r e fo r e , i t i s e s s e n t i a l to know, a t l eas t 
in general terms, the equipment on which the census w i l l be processed. The 
s p e c i f i c d i s t i n c t i o n s that are needed for planning a re as between equipment 
systems opera t ing w i t h ( i ) card on l y ; ( i i ) card and magnetic tape; and ( i i i ) 
ca rd , tape and o p t i c a l reading dev i ces . 
( i ) Card-only 
19. Use of computers w i t h only card input and output c a p a b i l i t i e s w i l l 
speed up the s t a t i s t i c a l compi la t ion work as compared w i th the use of con-
vent iona l punched-card machines; but i t w i l l a c t u a l l y represent a minimum 
change from the e a r l i e r methods. Computeres prov ide greater computational 
speed and da ta-ed i t c a p a b i l i t i e s than convent ional punched-card machines, 
but the magnitude of the key punch work in prepar ing the input cards remains 
the same as p r e v i o u s l y . However, the higher speed card reading dev ices 
(as much as 800 cards per minute versus approximately 150 per minute w i th 
convent ional t abu l a to r s ) permit each pass on the computer to be made more 
qu i ck l y wh i l e the memory storage permits t abu l a t i on of more v a r i a b l e s on each 
pass. The memory s torage f a c i l i t y of these machines a l s o provides the capa-
b i l i t y fo r e f f e c t i v e l y e d i t i n g the recorded data fo r i n v a l i d codes, incon-
s i s t ency and reasonableness. However, s o r t i n g , c o l l a t i n g and other operat ions 
on the cards much cont inue to be done on punched-card equipment in the conven-
t i ona l manner. 
( i i ) Card and magnetic tape 
20. The most common type of equipment on which the forthcoming round of 
censuses w i l l be processed w i t h i n the region i s l i k e l y to be a medium sca l e 
system w i t h card and magnetic tape dev i ces , p r i n t e r , and poss ib ly magnetic 
d i s c or drum storage p e r i p h e r a l s . A f t e r the cards have been punched, converted 
to tape , ed i t ed and cor rec ted where necessary , i t i s poss ib le on such i n s t a l l a -
t ions to so r t and t abu l a te the r e s u l t s w i t h cons iderab le speed. In these cases, 
the cost and de lay of manually punching the data before i t can be t r ans fe r red 
to magnetic tape fo r high speed processing in the computer must s t i l l be con-
s idered in the process ing p lan . The impact of such computers w i l l be in the 
/improved 
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improved speed of computation and f i n a l t abu l a t i on of the da ta . The t abu l a t i on 
work, however, may not be begun u n t i l a " c l ^ n " tape i : -¡'-hieved and, the re fo re , 
spec i a l emphasis in census planning should be placed on exped i t ing and con t ro l-
l ing the q u a l i t y of the card punching, card-to-tape, anu ¿¿uitirig opera t ions , 
( i i i ) Card, tane and o p t i c a l reading dev ices 
21. Opt ica l scanning systems a re automatic methods of prepar ing punched 
cards or magnetic tape records from the enumeration form and a re of r e l a t i v e l y 
recent development. Some count r i es in the ECAFE region a re cons ider ing the 
use of these dev ices in the 1570 censuses. In these cases , the planning fo r 
a l l o c a t i o n of resources w i l l be a f f e c t e d by e l i m i n a t i o n of the need fo r large 
s ca l e punching opera t ions . On the other hand, a d d i t i o n a l resources and e f f o r t 
w i l l be required to assure the q u a l i t y of f i e l d work necessary to ob ta in a h igh 
percentage of machine-readable enumeration forms. Opt i ca l scanning may be by 
mark-sensing or charac te r recogn i t ion equipment. In the l a t t e r ca tegory , 
although developments have been encouraging, the techniques has not ye t been 
advanced to the point a t which i t may be gene ra l l y considered fo r populat ion 
censuses. Character-reading equipment which w i l l r e l i a b l y read the hand-
w r i t t e n or non-standardized cha rac te r s encountered in t h i s work is not y e t 
s u i t a b l e for general purpose a p p l i c a t i o n , but equipment fo r reading pos i t i on 
marking has been and can be s u c c e s s f u l l y app l i ed . Fur ther experience w i t h 
these techniques, in areas where the f i e l d worK ii> mores ¿.»enable to c o n t r o l , 
i s des i r ab le . 
V . SYSTEM D J E S I G : ' P R O G R A M M I N G 
22. Considerable system design and computer prograraning work w i l l be 
required for the machi ne-ed i t and t abu l a t i on phases of the census. There i s 
a general tendency in a l l count r i es to underest imate the magnitude o f the 
e f f o r t required to programme and insta11 computer systems. Because of the 
i n t e r a c t i o n of computer processing w i t h v i r t u a l l y a l l other elements of the 
census, i t is e s s e n t i a l that the computer programmes be prepared and f u l l y 
tes ted beforehand. I t is not s u f f i c i e n t for the programmes merely to be ready 
by the time the main processing is scheduled to begin. 
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23. The more d i f f i c u l t part of the programming l i e s in the machine ed i t ing 
procedures, that i s , in having the computer check for inconsistencies such as 
improbable code combinations. Trans la t ing the ed i t i ng ru les into steps suf-
f i c i e n t l y simple and prec ise for the computer to fo l low is usua l l y more d i f -
f i c u l t than an t i c i pa ted . I t is of pa r t i cu l a r importance to check out these 
programmes we l l in advance using r e a l i s t i c data . Machine ed i t i ng requires 
that non-responses and inconsistencies be detected and corrected by having 
the computer impute the corrected data in so f a r as poss ib le . Ea r l y t r i a l 
runs of the ed i t i ng programmes w i l l d i s c lose other possible phases of the 
census operat ion which are the l i k e l y sources of ed i t i ng problems. As a 
r e s u l t , the need for co r r ec t i v e ac t ion in such areas as the enumeration form, 
enumerator i ns t ruc t ions , coding, key-punching or superv is ion maybe brought 
into prominence, 
24. I f thorough and ea r l y t es t ing of the complete data processing phase 
is not conducted, i t is l i k e l y that during the ac tua l operations the computer 
w i l l r e j e c t excess ive ly large numbers of records w i th one defect or another. 
Th is , in turn, creates the problem of r e i n s t a t i ng the records that have been 
re jec ted and corrected as a r e su l t of the ed i t i ng operat ion. The e f f e c t Is 
l i k e l y to be unexpectedly time consuming, requ i r ing more computer time than 
o r i g i n a l l y planned f o r . 
25. P re-tes t ing of the e n t i r e range of computer operat ion, that i s , the 
ed i t and tabu la t ion programmes, w i l l a l so provide much bet ter advance estimates 
of the computer hours needed. Estimates based e n t i r e l y on theore t i ca l fac tors 
have o f ten proved to be g rea t l y in e r r o r . This considerat ion is important 
where an i n s t a l l a t i o n is heav i l y loaded and prec ise scheduling is necessary. 
2S. A great deal of time is required for programming for a computer and 
the lack of experienced s t a f f is a common l im i t i ng fac tor in new computer 
i n s t a l l a t i o n s . I t requires t ra ined personnel, and the i r t r a in ing may have 
to be as much as one year for adequate p ro f i c i ency . Thus, i t is e spec i a l l y 
important that s u f f i c i e n t time be al lowed in the census plan to permit the 
t r a i n i ng of programmer s t a f f e a r l y enough for completion and tes t ing of the 
ed i t and tabu la t ion programmes pr ior to the census date so that f u l l - s c a l e 




V I . CONCLUSION 
27. The increased power and v e r s a t i l i t y of the present generation of 
machines over the i r predecessors w i l l g ive those s t a t i s t i c i a n s processing 
the 1970 census substant ia l advantages as compared wi th I960. This equipment 
w i l l introduce a marked improvement in the census procedures of the countr ies 
of the region, as did the introduct ion of punched-card equipment years ago. 
For e f f i c i e n t use of the equipment, the design of the processing needs to be 
integrated wi th the other aspects of the ove r-a l l census design. In tegrat ion 
of the c a p a b i l i t i e s of computer processing into the census operations as a 
whole e n t a i l s a balance in superv is ion, qua l i t y con t ro l , ed i t i ng , and the 
capac i ty to r e c t i f y detected e r ro r s . Imbalances may lead to ser ious problems. 
28. I t is urged, therefore , that the computer programming be completed 
we l l in advance of ac tua l processing and that very thorough tes t ing be per-
formed on data obtained through p i l o t - t e s t s . Though the outcome of t h i s 
possib ly may be an unchanged computer system design, i t may we l l lead to 
strengthening of superv is ion and qua l i t y cont ro ls In the key stages of the 
census. 
29. V.'ith the general app l i ca t ion of computers to the 1970 round of popu-
la t ion censuses and w i th care fu l planning of a l l stages of processing, adminis-
t ra to rs and planners of the censuses in the ECAFE region may look forward w i th 
reasonable confidence to reducing the in te rva l between c o l l e c t i o n of data 
and publ i ca t ion to a t least half the time required for the i960 censuses. 

